used as reference materials and as external quality-asaurance materials for cholesterol and apolipoproteins (1, 2). These materials are stable during long-term storage and shipment and are relatively inexpensive to mail. Recently, in a study on the effect of lyophilization of serum pools on the determination of cholesterol, the measured concentration of cholesterol was shown to be less for lyophilized serum than for frozen serum, and the decrease in the original cholesterol value varied depending on the cholesterol assay method (3).
In our experience, if a pooled specimen of serum was stored frozen and used as a common calibrator for methods differing in principles and antibody source, essentially identical apo A-I and B values were obtained for fresh samples of normolipidemic sera. Despite agreement on patients' samples, however, we found that with a serum pool in lyophilized form prepared as candidate Reference Material by the Centers for Disease Control (CDC) (pool 1883), there was about a 30% difference between ape B values obtained by radial immunodiffusion (RID) and those obtained by nephelometry. Therefore, one aim of the present study was to verify whether the differences obtained with CDC material were unique to the CDC material or common to other lyophilized materials. Furthermore, we exanuned the suitability of lyophilized material as a common reference material for use in measurements of apo A-I and B.
Materials and Methods

Serum Pools
Lyophilized pools used as calibrators of commercially available kits for ape A-I and B were obtained from seven different companies. Candidate serum reference pool for ape A-I and B was obtained from the CDC (pool 1883). Nine fresh-frozen and lyophilized serum pools were prepared as follows. For each serum pool, 2 mL of serum were obtained from each of 50 patients who had been pre-screened for cholesterol and triglyceride concentrations. All serum pools were made from subjects whose triglyceride concentration was <1.4 gIL. Serum with low triglyceride concentrations was selected because artifacts in ape B measurements can occur with hypertriglyceridemic samples (4). The low-, normal-, and high-concentration pools were obtained by pooling specimens from patients whose cholesterol concentrations were, respectively, <2.0 g/L, between 2.0 and 2.4 gIL, and >2.4 g/L. Each pool was divided into 1-mL aliquots by a Micromedic dispenser and quick-frozen in individual vials at -78 #{176}C. Half of the vials were kept frozen at with nitrogen, and lyophilized at about -40 #{176}C. For assay, each vial was reconstituted by adding 1 mL of distilled water with a pre-calibrated pipette. Three additional serum pools were prepared, each containing samples from five donors selected so that these pools contained high, medium, and low concentrations of ape B (0.7, 1.23, and 1.53 gIL, respectively).
To each pool we added preservatives (per milliliter, 500 USP units of penicillin G, 50 g of streptomycin sulfate, 20 g of chioramphenicol, and 0.056 trypsin inhibitor units ofapoprotinin). To halfofeach pool was added sucrose to give a final concentration of 25 g/L. The sera without sucrose were kept frozen in 1-mL aliquots at -78#{176}C; 0.55 mL ofthe sera with sucrose was added to each vial and lyophilized as previously described, then reconstituted with 0.50 mL of distifled water just before assay.
Cholesterol and triglyceride concentrations were determined in the fresh serum pools by enzymatic methods in the "Spectrum" analyzer (Abbott Laboratories, North Chicago, IL 
Calibration of the Immunochemical Assays
A serum pool from normolipidemic donors, frozen at -78 #{176}C immediately after the blood collection, was used to calibrate all the methods except the fixed-time turbidimetric assay. Beckman Instruments and Kallestad Diagnostics provided us with a bar-coded card that had been calibrated with use of the same frozen pool. For ape A-I, a target value for the frozen pool was assigned by RIA (9), the calibrator being a preparation of purified ape A-I in which the absolute mass was determined by amino acid analysis. For ape B, a preparation of low-density lipeprotein (d 1.030-1.050), freshly isolated from normolipidemic plasma, its absolute mass having been determined by a standardized sodium dodecyl sulfate-Lowry procedure (10), was used to calibrate the RIA assay (5)to assign a target value to the frozen pool.
Resufts
We determined apo B in seven commercially available secondary standards in lyophilized form and in the CDC pool 1883 material by using two RID procedures, one involving monoclonal and the other pelyclonal antibodies, and a nephelometric assay ( Table 1 ). The ape B values obtained by both RID methods were about 30% lower on average (ranging from 21% to 39%) than those obtained by nephelometry.
Thus, differences in results by nephelometric and RID techniques are not peculiar to the CDC material but appear to be characteristic of all lyophilized preparations.
We next sought to determine whether the ape B values were underestimated by the RID methods or overestimated by the nephelometric assay. Nine different serum pools, with total cholesterol ranging from 1.65 to 2.81 g/L and triglyceride from 0.79 to 1.34 gIL, were prepared and stored, both in frozen and lyophilized form, at -78 #{176}C. We determined the sodium concentration in the serum pools before and after lyophilization, so we could assess the amount of dilution of the lyophilized samples as a result of reconstitution.
Sodium was chosen because it is a very stable analyte that can be precisely measured. Because the sodium content of the lyophilized sera averaged 8% less than that obtained for the frozen sera (1.330 vs 1.445 mmoIJL), we concluded that there was about 8% dilution. Ape A-I values obtained by nephelometry and RID were nearly identical for frozen samples. Results from both methods for lyophilized samples were also nearly identical, but were about 8% lower than those obtained for frozen sera (Table 2 ). Because this same difference was obtained in the concentration of sodium, we conclude that, after adjusting for the effects of dilution in reconstitution, there were no differences between ape A-I values for frozen and lyophilized pools as determined by the different methods. Ape B values in the nine serum pools before and after lyophilization were determined by seven different methods. As shown in Table 3 , the ape B values obtained for the lyophilized samples were consistently lower than values obtained for the frozen samples, the difference ranging from -4% for the fixed-time turbidimetric assay from International Diagnostic Laboratories to -34% for the monoclonal antibody-based RID assay. After adjusting for the 8% effect of dilution attributable to reconstitution, the ape B values obtained by the turbidimetric assay were 4% C Percent difference after correcting for 8% dIlution attributable to reconstitution.
higher on average for the lyophilized samples than for the fresh-frozen samples; 2% lower for the fixed-time nephelometric assay; 4% and 8% lower, respectively, for the two rate nephelometric assays; and 9% lower for the radioimmunoassay. Confirming our earlier study, the ape B values obtained by RID with both monoclonal and polyclonal antibodies were about 25% lower for the lyophilized samples as compared with the fresh-frozen samples.
To determine whether the difference in ape B values between fresh-frozen and lyophilized sera could be reduced by the addition of sucrose, we did another study on three serum pools before and after lyophilization.
The portion of the pools that was lyophilized contained 25 g of sucrose per liter. Ape B values were determined in the serum pools by seven different methods. Sodium concentration was determined in the pools to ascertain the amount ofdilution of the samples. To correct for the dilution effect of the added sucrose, we used a volume of sera containing sucrose (0.55 mL) that was 10% greater than the reconstituted volume (0.50 mL) would have been without added sucrose. The sodium content of the lyophilized sera was 4% lower on average than that obtained on the frozen sera, indicating that a 4% dilution of the lyophilized pools remained after reconstitution.
The ape B values obtained for the lyephilized samples were consistently lower than those obtamed for the frozen samples as determined by all methods except fixed-time turbidimetric assay. After correction for the 4% dilution in the lyophilized samples, the ape B values obtained by the turbidimetric assay were 6% higher on average in the lyophilized samples than in the frozen samples, 6% lower by the fixed-time nephelometric assay, and 9% lower by both the rate-nephelometric assay and the radioimmunoassay.
Ape B values obtained by the three different RID methods were 22% to 26% lower on average for the lyophilized samples than for the frozen samples after correction for dilution. These ape B differences for each method between frozen and lyophilized sera with sucrose are very similar to those obtained in our previous study shown in Table 3 .
The apo A-I values for lyophiized samples with sucrose were about 4% lower (ranging from 3% to 5%) on average than those obtained in the frozen pools in all the methods. After correction for the effect of dilution, there was little (± 1%) or no difference between frozen sera and lyophilized sera with sucrose. These results confirm our previous observations ( Table 2 ) and suggest that, for lyophilized sera, there is no significant matrix effect between ape A-I methods.
Discussion
Lyophilization is important
in providing stable and easyto-mail reference materials for apolipoprotein A-I and B. However, because serum must be used as a reference material for assigning target values to calibration materials in the different methods, a fundamental prerequisite of such material is that it should behave iminunochemically the same as the patient's serum in the native state-that is, it must have the same immunochemical behavior as the specimens for analysis in all methods (11, 12). A lyophilized pool from CDC has been proposed as candidate interimtional Reference Material for apelipoproteins (1), and most of the calibrators and controls for commercially available apolipoprotein methods are in lyophilized form. The effect of lyophilization of serum pools on apelipeprotein measurements depends upon the apolipeprotein measured and the specific apolipoprotein method. Regardless of the apolipoprotein method used, ape A-I values on freshfrozen serum specimens were the same as, or only slightly different from, those obtained on lyophilized serum. In contrast, for the ape B methods tested, the ape B value was usually lower after lyophilization, with the exception of the turbidimetric method. However, the percentage decrease in the ape B value varied widely among the methods, the largest decrease being obtained by RID procedures. Thus, the current use of lyophilized materials to calibrate ape B methods can be an important factor contributing to the bias observed among methods.
The basis for the effect of lyophilization and reconstitution on ape B determination is unclear. Three different steps in the lyophilization process could have a significant effect on the ape B containing lipoproteins. The first is the initial freezing step, followed by a drying step, or dehydration step, and then reconstitution, or rehydration. The freezing and dehydration steps can lead to a significant concentration of serum constituents and eventual crystallization.
The residual moisture content at the end of lyophilization may also be an important determinant of long-term stability and of the ease and effect of reconstitution.
We have tested numerous lyophilized sera prepared by different procedures, with or without additives, and all exhibited differences in ape B values between lyophilized and fresh-frozen sera. Furthermore, we found that there was a range of differences in ape B values obtained by RID and fixed-time nephelometry, depending upon the particular serum pool or lyophilized, commercially-prepared calibrator.
However, we do not know the specifics of the lyophilization process or of the additives used in the commercial preparations. We have found that addition of sucrose did not significantly decrease the difference between frozen and lyophilized samples obtained by each of the ape B methods. This observation suggests that additives such as sucrose will not eliminate the significant matrix effect between ape B methods for lyophilized material. However, we cannot exclude the possibility that a significant improvement in the lyophilization process could decrease the differences between fresh and lyophilized sera.
To our knowledge, this is the first systematic evaluation of the effect of lyophilization on the measurement of apelipeproteins. It is important to recognize that the use of lyophilized material significantly complicates the standardization process for ape B, because different methods can produce different results for the same lyophilized material. Our data suggest that the lyophilization process alters the ape B structure, which results in changes in apo B immunoreactivity depending upen the principles of the different methods. We conclude, therefore, that serum pools in lyophilized form are not suitable as reference or qualitycontrol material for ape B measurements, but they can be used as reference material for apo A-I measurements.
